Introduction {#s1}
============

The climate acts as a filter for the species pool on a regional scale (Southwood, [@B64]), as it shifts the interactions of plant species (Chapin et al., [@B5]), as well as the community assembly process. Plant functional traits and their value\'s distribution patterns have become proxies for examining the plant community assembly process (Grabherr et al., [@B26]; Díaz et al., [@B16], [@B17]; Mcgill et al., [@B51]; Vittoz et al., [@B72]; Walther et al., [@B73]; Mason and de Bello, [@B47]; Yablon, [@B83]). Such approaches might reveal species responses to climate change (Weiher and Keddy, [@B75]; Woodward and Cramer, [@B79]; Díaz and Cabido, [@B14]; Cornwell and Ackerly, [@B10]; Götzenberger et al., [@B25]; Mason et al., [@B49]; Spasojevic and Suding, [@B65]; May et al., [@B50]).

Plant functional traits are the outcome of a history of species adaptation (Southwood, [@B64]). They represent the primary strategy that plants utilize to adapt to a changing environment (Lamanna et al., [@B37]). Plants respond to variable habitat conditions by adjusting their metabolism (Pappas et al., [@B56]) and performance (Keddy, [@B32]). Meanwhile, habitats filter species according their particular combination of traits (Keddy, [@B32]). Thus, plant functional traits, especially "response traits" which are measurable characteristics of plants, are assumed to reflect a plant\'s response to changes in its habitat (McIntyre et al., [@B52]; Lavorel et al., [@B42]; Meng et al., [@B53]; Borchardt et al., [@B2]). Response traits also provide information on the physiological adaptations of vegetation to various environmental gradients (McIntyre et al., [@B52]; de Bello et al., [@B12]; May et al., [@B50]; Purcell, [@B59]). These processes are believed to shape the range of functional trait values within communities (Cornwell and Ackerly, [@B10]) through habitat filtering or interspecific competition. Convergence of a trait value suggests co-occurring species often appeared in similar abiotic conditions, leading to habitat filtering (Grime, [@B27]; Cornwell and Ackerly, [@B10]). In contrast, interspecific competition is expected to exclude species with high trait similarity, resulting in trait divergence (MacArthur and Wilson, [@B45]; Weiher and Keddy, [@B76]; Stubbs and Wilson, [@B66]; Kraft et al., [@B36]). These functional traits distribution patterns can be described by using standardized effect sizes (SES) of traits. The SES of traits observed value to null expectation value (Kraft et al., [@B36]; Kraft and Ackerly, [@B35]).

As communities\' functional trait values would change under the assembly process, species\' trait value would change within community. It is necessary to examine the relationship between functional trait values and the associated biotic and abiotic conditions where the plant community is established to predict assembly patterns with climate change. Plant functional traits are assumed to be adaptively differentiated with habitats differing in some key factors (e.g., disturbance) or resource availability (Brouillette et al., [@B3]). Previous studies have focused on the trait-habitat relationships along various gradients in different regions and scales (Díaz and Cabido, [@B14]; Fonseca et al., [@B20]; Westoby and Wright, [@B78]; Wright et al., [@B81]; Fynn and Kirkman, [@B22]; Lambrecht and Dawson, [@B38]; Cornwell and Ackerly, [@B10]; Qi et al., [@B60]; Maharjan et al., [@B46]; Violle et al., [@B70]; Lawson and Weir, [@B43]). However, since plant functional traits vary among life forms (e.g., woody vs. herbaceous plants in one community, Meng et al., [@B54]), the concept of plant growth form is important for community dynamics (Meng et al., [@B54]). Nevertheless, previous studies have largely focused on woody species or particular species in forest communities (Cunningham et al., [@B11]; Fonseca et al., [@B20]; Qi et al., [@B60]), rather than herbaceous species (Oyarzabal et al., [@B55]). Studies on functional trait values might reveal whether woody or herbaceous species respond differently to environmental gradients (Yablon, [@B83]). Moreover, analyzing the assembly process in woody/herbaceous level and in community level separately is a useful way to detect the actual community assembly mechanisms comprehensively. These studies may be helpful to reveal the most focused ecological question of plant community, while they are seldom to be involved.

Examining different growth forms\' responses seems necessary to explore the community assembly which respond to changes in environmental gradients (Keddy, [@B32]; Westoby, [@B77]). However, there are few studies examining the response of functional trait/functional trait distribution to the combination of these environment factors (Weiher and Keddy, [@B75]; de Bello et al., [@B13]) or plant functional traits (Smith and Wilson, [@B63]). We developed a habitat severity matrix representing the level of environmental stress in the habitat. We measured functional traits (leaf morphologic traits, leaf chemometrical traits, plant height, and seed mass) of each species in the communities based on the intrinsic dimensions theory (Laughlin, [@B40]; Laughlin and Messier, [@B41]). Additionally, we assessed the functional traits values and their distributions changes along the environmental severity gradient across varying levels (community, woody species, and herbaceous species) at Taibai Mountain, central China.

We expected that (1) the community assembly pattern would show convergence in more stressful habitat, and (2) economic spectrum-related functional trait-trait relationships and functional trait distributions would demonstrate different patterns across different growth forms.

Materials and methods {#s2}
=====================

Study site
----------

The study was carried on the Taibai Mountain Nature Reserve, central China, located on 33°59′45″N−34°05′12″N, 107°41′18″E−107°48′22″E. This temperate zone is expected to permit a wider range of trait combinations than the tropical zone (Lamanna et al., [@B37]) since there are more heterogenous micro niches. The elevations of the reserve region vary from 940 to 3,767 m. In the present study, we selected the core area of forest which elevations range from 1,140 to 3,481 m. Such a wide-range altitudinal gradient provides opportunities to study various responses of plant species to changes in habitat conditions (Cordell and Handley, [@B7]). The climate of the study site is dominated by continental monsoon, mean annual temperature (MAT) varies from 0.9 to 12.3°C related to elevation, and annual precipitation is 640--1,000 mm (Tang and Fang, [@B67]). Forest coverage is over 82%, with high species diversity. In our study region, 389 woody species potentially exist which are recorded in the literature; the vegetation distributes along zonal zone in Taibai Mountain (Xu et al., [@B82]). The zonal vegetation of the Taibai Mountain region is highly heterogeneous in the warm temperate-zone deciduous broad-leaved forest and coniferous forest resulting from differences in hydrothermal conditions along such a wide-range altitudinal gradient (Zhu, [@B85]).

Plot setup and sampling
-----------------------

Along the altitudinal gradient, we established 39 plots; the area of each plot is 20 × 30 m. We selected more than 3 plots per 200 m elevation range, which were set as far as possible in order to represent the whole study region integrally. These selected plots commonly have different topographic factors or species composition in order to maximize variation in the environmental factors (sampling maps see Appendix Figure [1](#SM1){ref-type="supplementary-material"}). Main field work was conducted in July 2014.

We collected soil samples dug from the 10--20-cm layer below ground surface and litter at four corners of the plots. We collected soil samples within same date for making sure the weather condition\'s consistency of samples. Soil samples were sealed in plastic bags, and they were naturally dried with 3 weeks for experimental analysis. In addition, we also recorded the habitat information, including elevation, location (by HOLUX EZ-Tour GPS recorder, HOLUX Technology Inc.), topographic slope (by a specific compass), and canopy coverage.

All species within each plot were identified, the abundance and coverage of the species in each plot were documented. The abundance of woody species (DBH \> 8 cm) was counted as the number of stems. The abundance of herbaceous species was calculated by its relative coverage via assignment: We established eight 0.3 × 0.3 m quadrats within each plot for recording the abundance and coverage of each herbaceous species. Based on these data, we estimated the total abundance of herbaceous species within each plot (Marteinsdóttir and Eriksson, [@B48]). We recorded plant height of each woody species individual. For individuals \<2 m height, height was measured using a tape, while individuals \> 2 m height were measured using a height indicator; thereafter, the maximum plant height of each woody species was determined. For herbaceous species, the tallest individual was chosen to measure plant height. Because leaves are most exposed to habitat conditions and the changes in their traits have been interpreted as adaptations to specific environments (Fahn and Cutler, [@B19]), we collected 18--20 fully expanded sun-exposed leaves at top of crown from various directions of each mature species individuals within each plot. For each species, we selected at least five individuals if possible. The leaf samples were preserved in moist filter paper until analysis (Pérez-Harguindeguy et al., [@B57]).

Traits measuring
----------------

We measured eight functional traits. Apart from the highest plant height (Hmax) mentioned above, we measured leaf morphologic and chemometrical traits by using leaf samples we collected. Leaf area (LA) is a trait determined by gradients in available moisture and temperature (Meng et al., [@B53]), Specific leaf area (SLA) is key trait reflecting species resource acquisition strategies (Cheng et al., [@B6]). Leaf dry matter content (LDMC) is another basic important leaf morphologic traits linking to habitat conditions (Yan et al., [@B84]). These leaf morphologic traits were measured following standard methods (Cornelissen et al., [@B9]). We also measured leaf chemometrical traits. Leaf nitrogen content (LNC), leaf carbon content (LCC) were measured by elemental analyzer (EA3000, EuroVector Inc.), and the leaf carbon-nitrogen ratio (C:N) was calculated afterwards. We also obtained seed mass (SM) data by weighing seed specimen preserved in the specimen museum. Missing data on seed mass of some species were compensated by literature review or website information (<http://data.kew.org/sid/sidsearch.html>). It is fine to assess the community assembly patterns for using these traits, as it would minimize the number of traits but maximize the number of dimensions (Laughlin, [@B40]).

Although trait values are often weighted by its relative abundance (Garnier et al., [@B24]; Violle et al., [@B71]) which calculated by its abundance divided by the sum of total abundance numbers within a community. In our study, there were species belonging different growth forms, relative abundance may not reflect the information of their actual biomass. Here we weighted the trait values of each species by its importance value (IV). The importance value of each species in each community was calculated as the sum of its relative abundance, relative height, and relative coverage and then divided by 3 (Xu et al., [@B82]). Note that the importance value of each species was calculated separately for all species combined (community level), only canopy species (woody species level), and only undergrowth herbaceous species (herbaceous species level). We calculated the weighted mean trait values of community, woody species and herbaceous species of each plot afterwards (method see Díaz et al., [@B17]).

Environmental factors
---------------------

Traits are related to temperature, light, moisture availability, soil pH and nutrients. (Landolt et al., [@B39]). Here we developed a "habitat-severity value" as an agency of all these factors. We measured the soil pH by the pH indicator (PB-100, Sartorius Inc.). Soil fertility factors nitrate nitrogen content (NN), ammonium nitrogen content (AN), total nitrogen content (TN), and rapidly available phosphorus (RAP) were analyzed by discontinuous chemical analyzer (CleverChem 2000, Dechem-Tech Inc.). Soil water content (SWC) which calculated by the ratio of water mass to total soil mass was measured as an indicator of moisture availability. We used woody species canopy coverage degree (WCD) as habitat cover. Furthermore, topographical slope was measured in our study, as it showed correlation with species leaf traits and height (Ackerly and Cornwell, [@B1]). MAT and air relative humidity (RH) were calculated by empirical equations adapted to Taibai Mountain (Tang and Fang, [@B67]):
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In the equations, ALT indicates elevation of plots.

Constructing habitat severity matrix
------------------------------------

As there are numerous traits, we used principal component analysis (PCA) of all these traits for dimensionality reduction (Shipley, [@B62]). The PC1 axis of community weighted mean trait values captured 55.56% of the total variance of traits, while the PC1 axes of woody species and herbaceous species weighted mean trait values captured 52.09 and 36.89%, respectively. The PC1 axes of community, woody species and herbaceous species seemed to have statistical correlation with almost all the traits (Appendix Table [1](#SM1){ref-type="supplementary-material"}). We used the PC1 scores of three levels as the trait variables to perform variance decomposition. We input PC1 scores as dependent variables, while input environmental factors as independent variables for variance decomposition, which was performed in "hier.part" package of R 3.1.1 program. Variance decomposition (Pappas et al., [@B56]) was used to identify the relative roles in variance of traits in community level and in woody or herbaceous species level. We obtained the relative roles of factors in every habitat for trait variations in community, woody species and herbaceous species level respectively. The results of variance decomposition were in form as percentage (Appendix Table [2](#SM1){ref-type="supplementary-material"}).

Thereafter, we constructed the habitat-severity values for above three levels. All the habitat factors were normalized to \[0, 1\], the more stressful for plant growth, the value is more nearby 1. Therefore, we used these scores as the habitat-severity values, in other words, as habitat severity gradient.

Data analysis
-------------

We performed linear regression between weighted mean traits values and habitat-severity values in community, woody species and herbaceous species levels. In addition, we assessed the functional trait distribution of each plot in community, woody species and herbaceous species level as well by using SES of traits. The SES which describes functional trait distribution is the degree of discrepancy of trait observed value to null expectation value (Cornwell and Ackerly, [@B10]; Kraft et al., [@B36]; Kraft and Ackerly, [@B35]). Before calculating SES, mean functional distance (MFD) within a community should be calculated (Webb, [@B74]). MFD describes the mean difference between two species.
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In the equation, *MFD*~*observed*~ is actual MFD which calculated by observed functional traits values; *MFD*~*randomized*~ is calculated by null model approach which is run in R 3.1.1 program for 999 times; sd means standard deviation. If SES \< 0, means functional structure convergence; in contrast, SES \> 0 indicates functional structure divergence. Owing to convergence or divergence of functional structures mirrored community assembly processes, we could assess performances of woody or herbaceous species comparing to community total species along habitat severity gradient and understand more detailed assembly processes (Figure [1](#F1){ref-type="fig"}).

![Standardized effect sizes (SES) of traits vary along habitat-severity values (HV) gradient. Graphs on left column represent woody species level, graphs on right column represent herbaceous species level, and graphs on central column represent community level. Solid straight lines in graphs mean fit lines which *p* \< 0.05; dash lines in graphs mean fit lines which *p* \> 0.05. Dot lines locate on 0-level represent patterns of null expectation. LA, leaf area; SLA, specific leaf area; LDMC, leaf dry mass content; Hmax, the max plant height; LNC, leaf Nitrogen content; LCC, leaf Carbon content; C:N, leaf Carbon-Nitrogen ratio; SM, seed mass, same in below.](fpls-09-00180-g0001){#F1}

We also showed the trait-trait relationships among above levels in order to determine differentiation of trait-response among different levels. We tested the Pearson correlation coefficient of each trait in community, wood species, and herbaceous level (Tables [2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}) by using the weighted values, and then compared with each other so that we could find out patterns which were consistent or not among different components in common community. As we found our habitat-severity values was dominated by MAT and RH which calculated by elevation (Appendix Table [2](#SM1){ref-type="supplementary-material"}, Appendix Table [3](#SM1){ref-type="supplementary-material"}), we also compared the Pearson correlation coefficient of elevations/habitat-severity values to weighted mean functional trait values in above three levels for assessing the habitat severity matrix (Table [1](#T1){ref-type="table"}).

###### 

The correlation coefficient of mean weighted trait values and elevation/habitat-severity values (HV).

  **Trait**   **HV**       **Elevation**   **Trait**   **HV**       **Elevation**   **Trait**   **HV**       **Elevation**
  ----------- ------------ --------------- ----------- ------------ --------------- ----------- ------------ ---------------
  C-LA        **−0.797**   **−0.822**      W-LA        **−0.819**   **−0.839**      H-LA        **−0.393**   **−0.459**
  C-SLA       **−0.513**   **−0.699**      W-SLA       **−0.294**   **−0.589**      H-SLA       **−0.675**   **−0.734**
  C-LDMC      **0.464**    **0.534**       W-LDMC      **0.336**    **0.482**       H-LDMC      **0.479**    **0.429**
  C-Hmax      **−0.692**   **−0.622**      W-Hmax      **−0.685**   **−0.597**      H-Hmax      **−0.360**   **−0.342**
  C-LCC       **0.652**    **0.672**       W-LCC       **0.438**    **0.464**       H-LCC       **0.594**    **0.592**
  C-LNC       −0.113       −0.143          W-LNC       −0.143       −0.287          H-LNC       **0.392**    **0.505**
  C-C:N       **0.460**    **0.444**       W-C:N       **0.463**    **0.536**       H-C:N       −0.114       −0.206
  C-SM        **0.888**    **−0.911**      W-SM        **−0.854**   **−0.901**      H-SM        **−0.333**   **-0.442**

*C-, W-, and H- trait represents mean weighted trait values of community, woody species, and herbaceous species. The Pearson correlation coefficient which has statistical significance is highlighted in bold*.

###### 

The trait-trait relationship semi-matrix of woody species.

         **LA**       **SLA**      **LDMC**     **Hmax**     **LCC**      **LNC**      **C:N**      **SM**
  ------ ------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------
  LA                  **0.522**    **−0.553**   **0.633**    **−0.651**   0.135        **−0.426**   **0.811**
  SLA    **0.454**                 **−0.658**   **0.386**    **−0.479**   **0.475**    **−0.520**   **0.572**
  LDMC   **−0.458**   **−0.653**                **−0.420**   **0.557**    **−0.355**   **0.490**    **−0.511**
  Hmax   **0.629**    0.155        −0.225                    **−0.632**   0.179        **−0.477**   **0.758**
  LCC    **−0.497**   **−0.397**   **0.555**    −0.301                    0.025        **0.321**    **−0.720**
  LNC    0.191        **0.563**    **−0.355**   0.043        0.155                     **−0.814**   0.100
  C:N    **−0.466**   **−0.563**   **0.436**    −0.289       0.152        **−0.820**                **−0.490**
  s SM   **0.841**    **0.455**    **−0.445**   **0.742**    **−0.466**   0.199        **−0.518**   

*Mind that the semi-matrix at top right corner is the trait-trait relationship within community level. The Pearson correlation coefficient which has statistical significance is highlighted in bold*.

###### 

The trait-trait relationship semi-matrix of herbaceous species.

         **LA**       **SLA**      **LDMC**     **Hmax**     **LCC**      **LNC**      **C:N**      **SM**
  ------ ------------ ------------ ------------ ------------ ------------ ------------ ------------ ------------
  LA                  **0.522**    **−0.553**   **0.633**    **−0.651**   0.135        **−0.426**   **0.811**
  SLA    **0.340**                 **−0.658**   **0.386**    **−0.479**   **0.475**    **−0.520**   **0.572**
  LDMC   **−0.375**   **−0.620**                **−0.420**   **0.557**    **−0.355**   **0.490**    **−0.511**
  Hmax   −0.061       0.216        0.029                     **−0.632**   0.179        **−0.477**   **0.758**
  LCC    −0.259       **−0.520**   **0.542**    −0.113                    0.025        **0.321**    **−0.720**
  LNC    −0.024       −0.152       −0.297       **−0.388**   0.035                     **−0.814**   0.100
  C:N    −0.074       −0.090       **0.460**    **0.335**    **0.343**    **−0.874**                **−0.490**
  SM     0.278        **0.435**    **−0.346**   0.112        −0.265       −0.117       −0.058       

*Mind that the semi-matrix at top right corner is the trait-trait relationship within community level. The Pearson correlation coefficient which has statistical significance is highlighted in bold*.

Results {#s3}
=======

Performances of habitat-severity values
---------------------------------------

Habitat severity values (HV) were dominated by MAT and RH, and MAT and RH were calculated using the elevations of plots. The correlation analysis between HV and elevation confirmed the notion that other environmental factors might correlate with elevation, even across three different levels (Appendix Table [3](#SM1){ref-type="supplementary-material"}). We found nearly equal correlations between HV and traits and elevation and traits, regardless of level (Table [1](#T1){ref-type="table"}).

Functional trait distributions vary along habitat severity gradient: different patterns across different growth forms
---------------------------------------------------------------------------------------------------------------------

Functional trait distribution of community and woody species exhibited almost complete similarity (no significant difference by U-test). Without exception, the functional distributions of LA, SLA, Hmax, and SM across community and woody species levels showed convergent tendencies with higher habitat severity. For herbaceous species, although there were convergent tendencies on LA and SLA along habitat severity, the inflection points of divergence-convergence were inconsistent with community and woody species. The SES of herbaceous LNC showed a divergent tendency at higher habitat severity. The SES of other traits did not show significant correlation with the habitat severity gradient (Figure [1](#F1){ref-type="fig"}).

Functional traits vary along habitat severity gradient
------------------------------------------------------

Variation of traits among the community, woody species, and herbaceous species along habitat severity gradients displayed similar patterns to each other (Figure [2](#F2){ref-type="fig"}). For Hmax and SM, patterns among different levels were almost consistent; Hmax and SM decreased along the habitat severity gradient, though the slope of fit lines in herbaceous species were relatively flat. Chemometrical traits among the community, woody species, and herbaceous species exhibited interesting patterns; the LCC of these levels were consistent with each other (increasing with habitat severity), while LNC demonstrated a significant increase in only herbaceous species. Due to the varying performances of LNC, C:N showed similar patterns along habitat seventy. For leaf morphological traits, the LA of community, woody species, and herbaceous species exhibited decreased tendencies along habitat severity gradient. SLA and LDMC of woody species did not demonstrate significant relationships to habitat severity; however, community and herbaceous species exhibited increased patterns.

![Mean weighted trait values vary along habitat-severity values (HV) gradient. Graphs on left column represent woody species level, graphs on right column represent herbaceous species level, and graphs on central column represent community level. Solid straight lines in graphs mean fit lines which *p* \< 0.05; dash lines in graphs mean fit lines which *p* \> 0.05.](fpls-09-00180-g0002){#F2}

Trait-trait relationships show different patterns across different growth forms
-------------------------------------------------------------------------------

The Pearson correlation semi-matrices of woody species and herbaceous species were compared with the semi-matrix of community (Tables [2](#T2){ref-type="table"}, [3](#T3){ref-type="table"}). Trait-trait relationships of community and woody species were similar, except for very few trait-trait relationships, such as the relationships which involving Hmax. However, there were relatively different trait-trait patterns between the community and herbaceous species. Although the patterns of traits in community and herbaceous species levels along habitat severity gradient shifted in a similar manner, the relationships between traits each other of community was dissimilar to those relationships of herbaceous species.

Discussion {#s4}
==========

Habitat severity gradient applications in plant response to more stressful condition
------------------------------------------------------------------------------------

The plant responses to environmental gradients seems to be a result of habitat severity, which links to the environmental filtering effect (Díaz et al., [@B16]). In the past, ecological studies elevations that varied in temperature, moisture availability, and other environment factors (Guittar et al., [@B28]) for community assembly processes. We developed habitat-severity values (HV) to assess the severity of habitat conditions. Our HV is strongly correlated with elevation (Appendix Table [3](#SM1){ref-type="supplementary-material"}), and the correlations between HV and traits are similar to those between elevation and traits; this suggests that elevation might replace habitat severity in regions with a wide range of elevations but short geographic distances. Some studies revealed that the filtering process occurred at higher elevations (Pottier et al., [@B58]; Hulshof et al., [@B30]), similar to the pattern observed at high habitat severity in our study. However, even in regions without an obvious gradient, we suggest applying this framework to explore the shift in functional traits and their distributions. This framework could reflect plant response to more stressful conditions in changing world.

Assembly processes is different across different growth forms
-------------------------------------------------------------

The process of community assembly is related to environmental conditions. Generally speaking, plant traits tend to be clustered under stressful conditions, suggesting the occurrence of habitat filtering. Under less extreme environmental conditions, plant traits exhibit high differentiation due to interspecific competition (Kluge and Kessler, [@B33]). In our study, functional trait distributions of community and woody species were covariant in all examined traits along habitat severity gradient, whereas the functional trait distribution of herbaceous species showed dissimilar patterns. These results are consistent with other studies (Cornwell and Ackerly, [@B10]; Yablon, [@B83]) and suggest differing responses to habitat change across different growth forms. However, it should be noted that the robustness of HV for herbaceous plants is unclear, as the PC1 of herbaceous species\' traits for structuring the HV only explained 35% of the total variance in traits. These results might be explained by environmental factors which were not measured in our study, such as light availability or herbivore activity. These factors might have a stronger influence on herbaceous species than on woody species, potentially resulting in inconsistency compared to the community and woody species.

Community assembly pattern changes with habitat
-----------------------------------------------

The functional trait-based approach is a good approach for understanding plant community assembly patterns. Functional trait distributions change along the habitat severity gradient in this study and seems worthwhile to discuss. With increasingly stressful environmental conditions, the functional distributions of LA, SLA, Hmax, and SM of the community and woody species showed convergent patterns. In other words, abiotic filters restricted the range of viable strategies, thus creating a similar suite of traits (Woodward and Diament, [@B80]; Thuiller et al., [@B68]; de Bello et al., [@B12]; Fraser et al., [@B21]. These results suggest the filtering effect of habitat severity (Díaz et al., [@B15]; May et al., [@B50]). In fact, functional trait distributions will change along several environmental gradients which were included in our habitat severity matrix. For example, SLA is restricted with temperature (Joshi, [@B31]) and soil moisture (Cornwell and Ackerly, [@B10]); Hmax of shade-tolerant species is filtered by WCD (Cornwell and Ackerly, [@B10]). It would be interesting to discuss the convergent tendency of SM along the habitat severity gradient, as it seldom exhibited this pattern (Garnier and Navas, [@B23]). Due to the abundant species diversity in our study, highly-conserved traits---such as seed mass (Cavender-Bares et al., [@B4])---would exhibit greater divergence at low to middle altitudinal regions than at higher elevations. As a result, seed mass demonstrated a convergent tendency along the habitat severity gradient, which was closely related to elevation. Therefore, the community assembly pattern would change as habitat changed.

Functional traits vary along habitat severity gradient in similar pattern across different growth forms
-------------------------------------------------------------------------------------------------------

Our results demonstrated similar patterns of trait-habitat relationships among community, woody species, and herbaceous species, suggesting species within a community respond to environmental conditions similarly. Leaf traits, plant height, and seed mass correlated with environment conditions (Díaz et al., [@B15]; Cornelissen, [@B8]). Habitat filtering might cause these shifts in mean weighted trait values along environmental gradients (Ackerly and Cornwell, [@B1]; Cornwell and Ackerly, [@B10]; May et al., [@B50]). Species located in more arid sites had significantly lower LA, confirming a functional trade-off between stress tolerance and productivity in leaves (Thuiller et al., [@B68]). SLA is lower at regions with low rainfall and/or temperature, owing to thicker leaves and/or denser tissues (Tranquillini, [@B69]; Hadley and Smith, [@B29]; Westoby and Wright, [@B78]). Such habitats lead to higher LDMC and LCC in species as defense against stressful conditions (Oyarzabal et al., [@B55]). Plant height was also strongly correlated with stress (usually decreased, Lamanna et al., [@B37]), particularly when directly related to resource competition (e.g., temperature and light availability; Schwinning and Weiner, [@B61]). Smaller seed mass is often observed in species from more stressful conditions (Cornelissen, [@B8]; Luo et al., [@B44]). Such adaptations might allow plants to disperse to better environmental conditions (Körner, [@B34]). Our findings are consistent with the previously mentioned studies. In our study, higher habitat severity values mirrored lower temperature, water availability, and poorer soil conditions. At the community level, as habitat severity increased, community mean weighted trait values of LA, SLA, Hmax, and SM decreased, as well as findings in herbaceous\' level. However, SLA and LDMC of woody species did not decrease along habitat severity gradient significantly; this phenomenon might be caused by the morphological differences between broad-leaved species and needle-leaved species, which often appear at middle to high elevations (middle to high HV in this study). We also observed that LNC of herbaceous species increased with the habitat severity gradient; this is consistent with a study in high-mountain grasslands, representing a greater investment in photosynthetic nitrogen (Díaz and Cabido, [@B14]).

It should be noted that we only focused on interspecific trait differences, which are the primary source of variability in trait values. The traits we selected for this study often show low phenotypic plasticity (especially for leaf stoichiometry, SLA, LDMC, and seed mass).

Trait-trait relationships of herbaceous species are unique compared to community
--------------------------------------------------------------------------------

Analyses of intra-community trait-trait relationships can reveal the functional trade-offs operating along gradients of environmental stress. Dwyer and Laughlin ([@B18]) proposed a novel insight that, with habitat becoming more stressful, trait covariance would become more significant. This phenomenon could be inferred from the patterns observed in functional distributions. In more stressful habitats, functional traits often show convergent patterns. Thus, two traits are more likely to exhibit significant covariance. For the community and woody species in our study, LA, SLA, Hmax, and SM showed significant tendencies to decrease along the habitat severity gradient (Figure [1](#F1){ref-type="fig"}). Combining the patterns of these traits along habitat severity (Figure [2](#F2){ref-type="fig"}), the more covariant relationship among these traits each other would be inferred. However, as herbaceous species did not demonstrate significant convergent patterns for most traits at more stressful habitats (Figure [1](#F1){ref-type="fig"}, right), we cannot infer the pattern that trait covariance might present along habitat severity. Our Pearson analysis results revealed the difference between the community and woody species and herbaceous species. Significant correlations among leaf morphological traits are not surprising. LA, SLA, and LDMC are directly related to each other. We found dissimilar patterns of trait-trait relationships between the community and herbaceous species. However, the trait-trait relationships between the community and woody species were very similar. One study explored the relationship between SM and plant height, concluding that plants with more biomass can afford to allocate more energy to seed development, thus producing larger seeds (Thuiller et al., [@B68]). These results illustrate that the SM of herbaceous species is not covariant with Hmax, suggesting that there are unique strategies of dispersal for herbaceous species compared to the community and woody species. Other trait-trait relations of herbaceous species comparing with community further highlighted the specificity of herbaceous species. Considering that (1) traits change similarly along a habitat stress gradient across growth forms, and (2) trait-trait relationships exhibit different patterns across growth forms, we conclude that the differing community assembly mechanisms between community and woody species and herbaceous species are likely caused by different trait combinations that are filtered by the environment.
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